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Introduction
Surgical meshes today represent a group of implants mainly used for hernia repair. In general, the ideal mesh is characterized by a variety of requirements such as economic aspects, functionality and operative handling, sterility or even anti-infective and optimized biocompatibility 1 .
The basic mechanism which explains the broad use is the fibrotic reaction. The ideal mesh should be effective in preventing hernia recurrence; this can be achieved not only by the mechanical action of the mesh, but also by the fibrotic reaction caused by it.
Unfortunately, this fibrotic reaction led to pain and restriction of movement, as well as other clinical complications such as fistula formation and adhesions 2 .
This realization led to the concept of a dual-sided mesh to prevent or minimize visceral adhesions on one side while maximizing fibroblast ingrowth and tissue incorporation on the other side. Bilaminar mesh types and composite materials that include a temporary tissue separating layer are now available 3 .
The use of a dual mesh placed intraperitoneally has increased in recent years to treat various hernias forms of the abdominal wall, including hiatal hernia. The intraperitoneal placement is clearly superior than the one on the Myoserosal layer placement due to the lower probability of recurrence (for mechanical reasons), while the problem of creating adhesions and fistulas in the bowel appears to have been addressed through the use of dual grids (with biodegradable internal membrane) 4 .
The purpose of this study is to evaluate mainly the effects of intra-abdominal sub-diaphragmatic fixation of a double layered mesh on the mobility of the diaphragm, by using ultrasonography.
To the best of our knowledge, this effect has not been investigated in the literature up to date. The second aim of this study was to investigate tissue integration of the mesh.
Methods
The study was performed at the Biomedical Research .
Surgical technique
The animals were anesthetized and surgical anesthesia was maintained throughout the experiment with inhaled Isoflurane (0.5% to 3.0%). The hair was clipped thoroughly immediately before the surgical procedure, followed by antisepsis with Iodopovidone scrub. A 7 cm midline incision was made, caudal to the xyphoid and the peritoneal cavity was entered. A 
Evaluation of diaphragmatic mobility using ultrasonography
For the sonographic evaluation of the diaphragm's mobility, a standardized method was used [6] [7] . We used the GE Vivid I ultrasound (GE Medical Systems Israel Ltd, Tirat Carmel, Israel) with a microconvex probe (8C RS, GE Yokogawa Medical Systems, Ltd, Tokyo, Japan), of a variable frequency of 5 to 13 MHz. In order to achieve a more detailed imaging we used a frequency of 12 MHz, with one focal zone set at a depth of 1.25 -1.75 cm. Two-dimensional mode was used to find the best approach and to select the exploration line of diaphragm. In the
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The liver was used as an acoustic window. All examinations were recorded on a personal computer for subsequent blind analysis.
The probe was placed in the xyphoid appendix of the anesthetized animal in the subcostal area and was directed medially, cranial and dorsally so that the ultrasound beam reached the vault of the diaphragm that wraps the liver mass. Thus, the inspiratory and expiratory cranial-caudal displacement of the diaphragm respectively shortened and lengthened the probe-diaphragm range.
Consequently The results concerning the diaphragmatic mobility were analyzed with semi-computerized techniques using the obtained sonographic measurements and the parameters were analyzed as follows ( Figure 1 ).
Study groups and observation periods
The animals (n=20) were assigned into two equal groups according to the predefined day of euthanasia:
Ten were sacrificed on 28 th postoperative day (group 1) and ten were sacrificed on 90 th postoperative day (group 2). Sonographic measurements were performed to all animals immediately before the operation took place (1st). Postoperatively, the animal's diaphragmatic mobility was reassessed by sonographic evaluation at 4th (group 1 and 2) 8th and 12th weeks (group 2). At the 4th week (group 1) and at the 12th week (group 2) the animals again were anesthetized and euthanized. A U shape laparotomy was performed and the whole peritoneal cavity was exposed. Liver and diaphragm including the implanted mesh were removed en bloc and fixated for microscopic evaluation. No dissection of the site of implantation was performed to avoid alteration of subsequent microscopic findings. However, no adhesion or seromas nor hematomas were found in the rest of the abdomen.
Histological examination
Five sections of 0.5 cm of every sample were taken including all the structures and tissues and soaked in 10% formalin and then in paraffin blocks. Fine sections (5 μm) were stained 
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS 14.0). For the statistical analysis of the diaphragms mobility the means of the repeated assessments of the respiratory curve were compared through a series of subject design models. The Mauchly sphericity test was found to be statistically significant, the differences when assessed through the multivariate test while the aforementioned test was insignificant, the univariate test was used. The effect size was estimated by the η2 coefficient. Chi square test was used to compare percentages. For the histological measurements χ2 was used.
Results

Respiratory curve parameter longitudinal means
comparisons: 1st, 4th, 8th and 12th week.
As shown in Table 1 only four respiratory curve parameters were significantly differentiated over time. 
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Discussion
The use of mesh is not uncommon for the surgical treatment This absorption is delayed by inflammation, ischemia, and foreign bodies. The delay allows the fibrin clots to be invaded by fibroblasts, macrophages, and new blood vessels, thus allowing a maturation of a fibrin clot into tissue adhesions [24] [25] [26] [27] [28] [29] [30] .
In our experimental study a lightweight large pore sized mesh was used to prevent contact with the neighboring granuloma leading to a bridging scar. Through statistical analysis, it was found that either inflammatory reaction, neither fibrosis nor extra-hepatic
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Conclusions
The malfunction in the mobility of the diaphragm, which is transient and returns to normal levels after eight weeks. This probably indicates a positive correlation with the stage of the wound healing as it coincides with the third phase, that of collagen production, despite the fact that inflammatory reaction, fibrosis and extra-hepatic granuloma were not significantly differentiated with the passage of time. Further research may be needed to export distinct results regarding mesh migration over time and if that affects the mobility of the diaphragm.
